SUPPLEMENTAL EXPERIMENTAL PROCEDURES Bioinformatics Analysis of short-RNA libraries
The bioinformatics microRNA (miRNA) analysis pipeline includes (a) identification of short-RNAs from each library, (b) identification of exact and partial matches of the short-RNA sequences to the human genome, (c) testing each short-RNA genomic region for compatibility with hairpin secondary structures, (d) clustering genomic regions to predict mature miRNAs, (e) annotating and filtering short-RNAs and miRNAs candidates, (f) estimation of predicted miRNA frequencies in the libraries, (g) clustering short-RNAs that do not support miRNAs candidates.
a. Identification of short-RNAs from cloned cDNA sequences. Short-RNA sequences of length 15-30bp were recovered from within cloned cDNA sequences using 8bp adaptor oligonucleotides as oriented markers. An exact ≥ 6bp match to the suffix of the 5' adaptor oligonucleotide and the prefix of the 3' adaptor oligonucleotide were required. All short-RNAs of legal length 17 to 27 nt (length range of miRNAs deposited in the miRBase database v11.0) that are bounded by adaptors were reported, and short-RNAs containing adaptor fragments were tagged as lower confidence observations. MiRNA candidates supported by low confidence short-RNAs were later evaluated individually and discarded by expert decision. The remaining ones are listed here: CU-1153 is supported by 29 short-RNAs including 1 low confidence; CU-1293 and CU-1079 are supported by low confidence short-RNAs including sequence fragments that could not originate from linkers.
b. Mapping to the human genome. Each short-RNA was aligned to the human genome assembly from March 2006 (hg18) using WU-Blast (http://blast.wustl.edu). WU-Blast was ran locally optimal, with default word length 6, maximum allowed separation 2, no gaps, and no high scoring pair consistency. All WU-Blast reported matches were retrieved and mismatches were marked. Only the genomic matches with the smallest number of mismatches were recorded, and we refer to them as short-RNA genomic locations.
c. Testing short-RNA genomic locations for hairpin secondary structures. Short-RNA genomic locations were tested for compatibility with hairpin secondary structures. The criteria were established upon investigation of the characteristics of human miRNA precursors deposited in the miRBase database (v.11.0) (Griffiths-Jones, 2006; Griffiths-Jones et al., 2006) . Only shortRNAs that have genomic locations compatible with a hairpin structure were used to define putative miRNAs and their precursors. A short-RNA genomic location was considered if the following criteria were satisfied: i) one or more hairpin structures were predicted in the genomic region starting at most 90 bases upstream and ending at most 90 bases downstream of the short-RNA genomic location; ii) the lowest free-energy predicted secondary structure for the containing region was a hairpin with maximum fold free energy of -8 kcal/mole, which is the maximum fold free energy observed for miRBase miRNAs; iii) the short-RNA genomic location could not overlap the predicted hairpin loop, which was required to be 3-20bp long (the range of hairpin-loop lengths observed in the miRBase database); iv) the ratio between the number of complementary base pairs and the total number of base pairs in the stem was larger than 0.645, which is the minimum ratio observed in miRBase database. We used RNAfold 1.6, a part of the ViennaRNA package (http://www.tbi.univie.ac.at/~ivo/RNA/), with temperature set to 37°C to predict the lowest energy secondary RNA structure for each candidate genomic sequence.
d. Prediction of mature miRNA.
Short-RNA genomic locations consistent with hairpin secondary structures (smirREGs) were clustered based on genomic region overlap, and smirREG clusters were pruned, split, merged, accepted, or eliminated iteratively. The rational of clustering smiREGs was based on the miRNA variability observed when considering the short-RNAs cloned in our and other published libraries. Conventionally, a miRNA is defined by the most abundant cloned sequence. However, less abundant slightly different species of the same miRNA are also produced and need to be considered. Clusters were first constructed from smirREGs corresponding to: (1) regions perfectly aligned to short-RNAs; (2) regions aligned to short-RNAs with 1-mismatch, represented by an 'A' in the last position; and (3) regions aligned to short-RNAs with 1-mismatch, where the associated short-RNAs had no perfect matches, were not used in (1) or (2) and were 1-mismatch away from short RNAs associated with smirREGs defined in (1) or (2). These smirREGs are major contributors to each smirREG cluster. Regions associated with perfectly matching short-RNAs and 1-mismatch short-RNAs that were not used to define smirREG clusters, but overlapped 5 or fewer such clusters were tagged as minor contributors and added to the overlapping smirREG clusters. Each cluster was pruned or divided by identifying regions corresponding to short-RNAs where more than 25% of the region is supported by no more than 50% of the observations. For each cluster, all such regions were identified and first minor then major contributors with the largest ratio of unsupported portions to total length were iteratively removed until at least 75% of every contributing region was supported by more than 50% of the observations. One exception is represented by CU-1088 cluster where a short-RNA was included despite the fact that only 70% of its sequence contributed to the majority observation. This exception was made because this short-RNA was the only one matching a known mature miRNA (miR-320a) and it was left out by the 75% rule. Pruned smirREG clusters were merged and used to construct new and possibly overlapping clusters, but minor contributors were discarded. Finally, smirREG clusters were used to define putative mature miRNAs. The mature sequence was defined as the majority nucleotide in each position supported by more than 50% of the observations, with the genomic sequence allowed to break ties. SmirREG clusters were matched based on mature sequence containment.
Clusters corresponding to a short-RNA set that is fully contained in a set corresponding to a matched cluster were eliminated, and matching clusters with partial containment were merged. The process was repeated until convergence (no elimination or merging was possible). Finally, a putative precursor was identified for each smirREG cluster following the procedure described in (c) with the added restriction that no more than 5 positions in the mature sequence are allowed to dangle off of the precursor region that is encapsulated by complimentary base pairs. When the mature region dangled off of the precursor region (but no more than 5 bases), the precursor was extended with non complimentary bases to include the mature region.
The mature miRNA prediction was followed by the elimination of incompatible predictions. Putative miRNAs whose predicted locations overlapped loops of known miRNAs or precursors of other higher-confidence predictions, were eliminated. Predicted miRNAs that were entirely composed of low confidence single-observation short-RNAs that contained linker fragments were also eliminated, with the exception of CU-1293 as described in (a). Mature miRNA predictions of length shorter than 17nt or longer than 28nt were discarded. Candidate miRNAs that were supported by a single observation were tagged as lower confidence predictions; some of these are likely to be miRNA, but others may be degradation products of previously unannotated RNA.
e. Annotation and filtering of candidate miRNA and sRNA. Putative miRNAs and short RNAs were matched to several RNA databases (see below)
via regular expression scans (for sequence databases) or genomic region containment (for databases that specify genomic regions). Databases identifying validated human mRNA, tRNA, snoRNA and yRNA were used to eliminate putative miRNA candidates with one observation and to annotate putative miRNAs with multiple observations. All putative miRNAs matching rRNAs were eliminated regardless of the number of observations because of the extreme abundance of rRNAs. Other RNA databases were used for annotation purposes only. assigned an observation frequency to each miRNA, taken to be the sum of the library-specific observations across all of its supporting short-RNAs. Second, for each short-RNA observed in this library, we computed sum, the sum of the observation frequencies of the predicted miRNAs it supports. Then, short-RNA support for each miRNA was adjusted to be the number of its observations multiplied by the ratio between the observation frequency of this miRNA and sum. Finally, the frequency of each predicted miRNA was recalculated to be the sum of the adjusted frequencies of the short-RNAs supporting it. To compare the abundance of predicted miRNAs across libraries we normalized the frequencies of observations in each library to sum to 100%, comparing frequencies of observations in each library rather than raw observations. This normalization step was necessary due to the variability between the total number of observations across libraries.
g. Clusterting short-RNAs. Short-RNAs that did not support predicted miRNAs were categorized according to the quality of their best alignments to hg18. These short-RNA were clustered following the procedure described in (c) but with no secondary structure requirements (Tables S3 and S4) . Tables S3 and   S4 were constructed from perfect matches and single mismatches, respectively.
Estimation of library complexity
A bootstrap technique was used to estimate the total number of miRNAs expressed in each library and the number of short-RNAs must be sequenced to achieve a complete coverage. Bootstrapping is a statistical technique for estimating properties of an "estimator" by measuring those properties in multiple subsets of the samples (Harrell, 2001; Hinkley, 1997 Based on this analysis, we estimated that the total numbers of mature miRNAs are: 129 (naïve), 154 (memory), 204 (centroblasts) and 189 (Ramos). Thus, the libraries sequenced in this study cover respectively 90.7% (naïve), 88.3%
(memory), 85.8% (centroblasts), and 91% (Ramos) of the expressed miRNAs in these cellular phenotypes. Figure S1 gives the 95% confidence intervals for 
Orthology and conservation analysis
We investigated conservation of known and predicted precursor and mature human miRNA in chimp (panTro2), monkey (rheMac2), dog (canFam2) mouse (mm8) MiRNA conservation has been repeatedly used to help identify putative miRNA mappings to genomes. To identify putative ortholog miRNAs we relied on UCSC-provided Blastz pairwise alignments between human and target species (Schwartz et al., 2003) . We used two related but complementary methods: (1) map the mature human miRNA to its ortholog location as specified by pairwise alignment; and (2) map the precursor of the human miRNA to its ortholog location as specified by pairwise alignment, expanding the human region to include at least 80 bases from both sides of the mature region, and identifying regions in the target that match the sequence of the mature human miRNA.
Method 1 is the simplest but fails to account for alignment inaccuracies and local mutations that may shift the position of the mature sequence in the target species. Method 2 accounts for locally imperfect Blastz mapping, but relies on conservation of larger regions that may not be subject to the same selective pressure as the mature miRNA. Alignment-based mapping of the human mature miRNA to its target were required to have either perfect conservation of the entire mature miRNA sequence or conservation of seeds composed of seven bases starting from the second position of the human mature sequence followed by conservation of 3 bases starting from the 12th, 13th or 14th position as suggested by (Grimson et al., 2007) (Table S5 ). We scanned the entire mapped ortholog region for a match to the human mature sequence or to its seed.
Comparison with previously reported miRNA prediction from short-RNA libraries Landgraf et al. (Landgraf et al., 2007) used more restrictive miRNA characterizations for mature miRNA prediction, annotation and conservation.
They required that at least 60% of the observations associated with a predicted miRNA align at the 5' end. We made no such restriction, and some of the miRNAs with the highest number of observations in our libraries, such as CU-1026 and CU-1018, are supported by a high proportion of 5'-misaligned cloned sequences. Landgraf et al. eliminated predictions that can be derived from repeat sequences by excluding precursors that contain more than 30% repetitive elements and that match hg18 more than 10 times with at least 75% identity. We annotated mature sequences that match known repeats but did not eliminate them. Finally, Landgraf et al. formulated extensive criteria for sequence orthology, requiring sequence conservation greater than 75% in multiple alignments across vertebrates and either restricting the 20 5'-most misaligned nucleotides to be transitions or requiring 100% conservation in positions 2 through 8 and 90% conservation overall. We, as described above, simply considered full conservation and seed-based conservation, mapping human to primates, dog and rodents.
miRNA target prediction and analysis
Target predictions for not previously reported miRNAs were performed by miRanda v1.0 (John et al., 2004) and RNA22 (Miranda et al., 2006) using recommended parameters with the exception of RNA22 energy threshold that was changed from default -25.0 kcal/mol to -20.0 kcal/mol.
In order to investigate the potential effect of miRNAs on the transcriptome, predicted targets were tested for enrichment in genes down-regulated in the same population over-expressing the tested miRNA. Over-expressed miRNA were selected based on a minimum frequency value>0.08 and a three-fold increase in their cloning frequency comparing CB vs naïve or memory B cell libraries. Genes differentially expressed across normal B cell populations were identified based on intensity fold change greater than 1.5, and p-value under 0.01 according to a non-parametric U test applied to six biological replicates per cell type (gene expression data are available from GEO database; GSE2350).
For each miRNA, using a Fisher exact test, we compared the numbers of down-and up-regulated predicted targets to down-and up-regulated genes that are not predicted targets. Setting a p-value threshold of 0.01, targets of most GCspecific miRNAs were significantly down regulated in CB. Conversely, targets of naïve-and memory-specific miRNAs were not significantly differentially regulated. Therefore the analysis was focused on targets of the 15 GC-specific miRNAs. Predicted targets of 8 out of 15 miRNAs showed significant enrichment (p-value<0.001) in genes down-regulated in GC compared to naïve B cells and 2 of them showed enrichment for genes down-regulated in a control population (memory compared to naive) (Table S7 ). We can conclude that targets of GCspecific miRNAs are significantly more likely to be down regulated in CB than in naive B cells with p<0.05 according to a Fisher exact test. Moreover, downregulation p-values in CB were systematically lower than in memory ( Figure S5 and Table S7 ). Of the target sets for the 15 GC-specific miRNAs, 11 were more significantly down regulated in CB, 2 were more significantly down regulated in the control population (memory), and 2 were not down regulated in either ( Figure   S5 ). Using down-regulation in memory as control, we therefore conclude that down-regulation p-values are lower for CB with p<0.05 according to a binomial test with an 11/15 rate under a null hypothesis of equally likely odds for greater down regulation. In summary, while targets of naive and memory specific miRNAs were not found differentially expressed in our data, we were able to demonstrate that predicted targets of GC-specific miRNAs are enriched in genes that are down regulated in GC.
Correlation between cloning and microarray miRNA profiling
In order to compare cloning and microarray data, we focused on the 89 miRNAs for which both types of data were available. A significant correlation (pvalue≤ 3.9e-28) was shown between cloning and miRNA microarray data as measured by Spearman correlation. The corresponding scatter plot is shown in Figure S6 . Furthermore, to investigate if miRNA cloning counts were predictive of differential expression as measured by miRNA microarray, we identified 39 miRNAs whose cloning frequency was at least 2 fold greater in one normal B cell subset relative to each of the remaining two subsets. Of these, 25 (64.1%) miRNAs were found to be over-expressed in the same B cell subset according to miRNA microarray profiling. Over-expression was measured using a one sided U test, with threshold corresponding to p<0.01. We used permutation testing to estimate the significance of the success rate, randomly shuffling expression labels while keeping clone frequencies unchanged. The distribution of confirmed clone predictions using the shuffled expression data had mean of 1.2% and standard deviation of 5.1%, corresponding to 12.2 standard deviations away from our prediction success rate and a p-value near zero. We conclude that miRNA cloning counts are predictive of miRNAs concentration levels and differential expression.
Immunoprecipitation
Immunoprecipitations were performed from Ramos cells grown in IMDM, 10% fetal bovine serum, 1% Penicillin/Streptomycin. 1-2X10^8 cells were collected and resuspended in 1ml lysis buffer (10mM Tris pH 7.5, 2mM MgCl2, 10mM KCl, 2.5mM DTT, 1X protease inhibitors, 40U/ul Ambion Superase-IN).
Lysate supernatant was mixed with 500ul ATP depletion mix (450mM KCl, 100mM glucose, 0.5U/ul Sigma-Aldrich hexokinase). Cleared supernatant was divided equally between paramagnetic protein G beads (New England Biolabs) bound to either a monoclonal rat antibody raised against human Ago2 protein (kindly provided by Dr. G. Meister) (Rudel et al., 2008) or total purified rat IgG (Sigma-Aldrich). Beads were incubated with lysate under rotation for 2 hours at 4°C, then washed three times with ice-cold lysis buffer and collected in Trizol (Invitrogen) for RNA extraction. RNA from three sequential immunoprecipitations was pooled and 1/10 th of yield was used for reverse transcription of each miRNA species using Superscript III First Strand Synthesis Kit (Invitrogen), in the presence of 0.2μM RTFS primer (miRNA-specific primers, see Table S8 ). cDNA was also generated from reverse transcription in the presence of random hexamers to test expression of 5s rRNA. 1/10 th of the cDNA volume was used as template for SYBR (Applied Biosystems) qPCR amplification in the presence of 4nM SS primer (miRNA-specific primers, see Table S8 ) and 0.4μM each of MPF and MPR universal or 0.4μM each of 5sRNA primers (Table S8 ). Each qPCR reaction was performed in triplicate. The tested miRNA were selected based on the availability of optimized qRT-PCR conditions among the ones detectable both by RNA blot and RT-PCR.
